The ground state rotational spectrum of propyne has been studied in selected regions between 509 and 820 GHz spanning the quantum numbers 29 < J < 48 and 0 < K < 21. The accurate new line frequencies were fit together with previously published data to obtain greatly improved spectroscopic constants.
Introduction
Propyne, CH 3 CCH, also known as methylacetylene, is a symmetric top molecule with a carbon chain at its backbone. Therefore, it is of great astrophysical and astrochemical importance. Its first detection in the interstellar medium (ISM) was reported by Snyder and Buhl towards the galactic center source Sgr B2 in 1973 [1] , Moreover, it was observed in extragalactic sources by Mauersberger et al. [2] . Symmetric top molecules are ideal probes to determine the kinetic temperature of the ISM because each K component of a given rotational transition represents a different excitation energy, i.e. temperature, which increases with K. Furthermore, the low K components occur in fairly narrow frequency ranges so that they can be observed simultaneously. This method was introduced by Solomon et al. using observations of methylcyanide, CH 3 CN [3, 4] , Because of propyne's lower dipole moment, 0.78 D [5] vs. 3.9 D for CH 3 CN [6] , it is more easily thermalized, and thus even better suited as a temperature probe [7] [8] [9] .
Propyne has been subjected to several spectroscopic studies. The first microwave (MW) investigation dates back 50 years when Trambarulo and Gordy recorded J = 2-1 and 3-2 transitions [10] , Later, the ground state rotational spectrum of CH 3 CCH was investigated by Ware and Roberts in the MW region [11] , and by Dubrulleet al. [12] and Wlodarczak et al. 113 ] in the millimeter and submillimeter wave regions, respectively. Most recently, R. Bocquet et al. used a far infrared (FIR) laser sideband system to obtain transition frequencies between 0.768 and 1.277 THz [14] . For the sake of completeness, it should be mentioned that pure rotational spectra of CH 3 CCH have been recorded in several excited vibrational states, as can be seen in [10, 11, 13, 14] , and references therein.
For symmetric top molecules, the purely A'-dependent parameters, such as A -B (or C -B for oblate tops), D K , etc., usually cannot be determined from rotational spectroscopy because of the AK = 0 selection rule. AK = 3 transitions may be observed due to centrifugal distortion effects, but these transitions are very weak in general. Urban et al. have determined purely A^-dependent parameters through the analysis of perturbations in the IR spectrum of propyne using a Pade approximant [15] .
Recently, we have studied the submillimeter spectrum of HCCCP, for which CH 3 CCH was used as a precursor [16] , In the course of this investigation it was found that high K transitions of propyne were displaced from their predicted line frequencies based on the spectroscopic constants of [14] , In order to improve the data set of this astrophysically important molecule we have investigated its rotational spectrum in the submillimeter region accessing much higher K quantum numbers than before.
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Experimental Details
Selected transitions between 509 and 820 GHz have been recorded with the Cologne Terahertz Spectrometer using phase-locked BWOs (backward wave oscillators) as sources and a magnetically tuned hot electron InSb bolometer as detector. Further details of the spectrometer are given in [17] , A commercial propyne sample was used without further purification. and up to 4 Pa for the weaker, high K transitions.
Observed Spectra, Analysis, and Discussion
The spectroscopic constants presented in [14] lead to very good predictions for the transitions with AT < 10. They were found within 100 kHz of the predictions, generally at slightly lower frequencies; at higher 7, this was also true for the lowest A'transitions. The deviations between observed and calculated frequencies increased for higher values of K, but with 4.5 MHz for K = 21 they were still fairly small. This K value is substantially higher than K = 13, which has been accessed in previous investigations of the rotational spectrum of CH ? CCH [14] , The transitions from the present study, their frequencies, uncertainties and residuals from the fit are given in Table 1 . The complete line list as well as new predictions of the pure rotational spectrum are available online from the Cologne Database for Molecular Spectroscopy via http://www.ph 1 .uni-koeln.de/vorhersagen/.
The new transitions frequencies have been subjected to a weighted least-squares fit together with the previously published data [11 -14] employing Pickett's program SPFIT [18] . Uncertainties were explicitly stated in [12, 14] ; 30 kHz was adopted for the transitions from [11, 13] . The resulting spectroscopic constants are presented in Table 2 under the heading Fit 1. In order to test the effects of the FIR laser sideband lines on the fit, another fit has been performed in which these lines were not used in the fit. The constants are given in Table 2 under the heading Fit 2. Table 2 also contains spectroscopic constants of propyne from [14, 15] along with values for the related methylcyanide molecule [19, 20] .
The uncertainties of the present spectroscopic constants are probably conservative because the weighted standard deviation for the new transition frequencies is close to 0.5, and overall it is still much smaller than 1.0. As might be expected, the overall agreement between the present constants and those from [14, 15] is quite good. The larger uncertainty of L JJK compared to the value from [14] and some small, but significant deviations between the present constants and those from [14, 15] are caused to a large extent by the greater number of 7-dependent parameters determined in the current work. The spectroscopic constants of propyne are also quite close to those of methyl cyanide which is obtained from the former by replacing the CH group by an N atom. The main difference between the two new fits is in the Hj values. Omitting the data from [14] , a value in perfect agreement with that from [15] is obtained. Inclusion of these lines reduces the magnitude of Hj, which suggests that they are slightly biased towards higher frequencies. In fact, on the average the lines are too high by 317 and 428 kHz for fits 1 and 2, respectively, while the standard deviation of the FIR laser sideband lines increases from 479 kHz in Fit 1 to 590 kHz in Fit 2, still close to the estimated uncertainty of 500 kHz. In a trial fit, an Hj value of 29 (20) • 10"
12 MHz was obtained in [14] . Even though the constant is not significantly determined, the absolute uncertainty is only slightly worse than those of [15] or of the present fits. Since in all instances the uncertainties of Hj are fairly large with respect to its value, it appears that even more data would have to be included in the fits to obtain a well-determined value for this constant.
It is worthwhile mentioning that in [15] an approximate value was obtained for H K using a Pade approximant: -93 (111) -10 -6 MHz. This value agrees fairly well with that of CH 3 CN, 156 (72) • 10~6 MHz, even though one has to keep in mind that both values are not significantly determined. Nevertheless, the uncertainties put limits to the values of H K . The value of 3.34 (121) • 10" 6 MHz, obtained from a fit using a conventional Hamiltonian, appears to be too large, but its relatively large uncertainty allows for much smaller values.
Conclusion

